giography has led to increased scrutiny of the indications and complications rates of diagnostic angiography.
We concur with the diagnostic potential of CT angiography and MR angiography, but many literature reports have emphasized the invasive nature of traditional angiography 2, 15, 18, 19, 22, 23, 24 and its complication rate. For this reason, we calculated the incidence of complications in patients undergoing angiography at our institution in the last five years, comparing it with literature reports published in the last twenty years 8, 9, 12, 16, 25, 26 and guidelines for angiography 1, 4 .
Material and Methods
From 1 st December 1998 to 1 st December 2003 2154 patients aged from 3 to 84, average age 53,2 years, underwent digital angiography for a total of 5996 vessels selected. 22% of patients underwent two or more angiographic procedures.
From 1 st December 1998 to August 2002 angiography was carried out on a Philips Integris BV 3000 system and from September 2002 to December 2003 on GE Advantx biplane device.
2154 patients undergoing angiography in the period from 1 st December 1998 to 1 st December 2003 were referred in three different ways: 1731 patients admitted to wards in our institu-
Summary
This retrospective study aimed to assess the percentage of complications in the daily practice of cerebral and spinal cord diagnostic angiography at our institution and to compare this with literature reports published in the last twenty years and guidelines for angiography. From Retrospective analysis of our cohort disclosed a complication rate of 0.1% for transient neurological complications and 0.05% for permanent deficits.
Introduction
The gold standard in the diagnostic work up for vascular diseases of the nervous system remains digital arterial angiography. The increased use of newer, non-invasive vascular imaging methods including ultrasound, CT and MR an- The main disorders requiring referral for angiography were: subarachnoid haemorrhage (30%), intraparenchymal haematoma (10%), arteriovenous malformations (6%), brain (35%) and spine-spinal cord (9%) tumours, and carotid atheromatous disease (5%).
The cerebral circulation and spinal nerve roots are examined by a standard procedure outlined in the operating instructions listed in our unit's quality control documentation certified ISO 9001/2000. This document plans, records and checks all diagnostic and interventional procedures undertaken in the Angiography Suite from informing and preparing patients to execution of the procedure, reporting and PACS data storage 7 . The documentation also describes the technique and materials to be used during the procedure from arterial puncture to the standard radiological views of each vascular axis.
Before the examination a venous catheter is inserted into all patients and heart rate, arterial
Vascular axis Number of vascular axes examined

Common carotid artery 1529
Internal carotid artery 1595
External carotid artery 408
Vertebral artery 1710
Spinal cord angiography 302
Other vessels 452
Total 5996 pressure and capillary oxygen saturation are monitored throughout the procedure. Diagnostic angiography is done with 4 Fr. catheters inserted by retrograde puncture of the femoral artery through an introducer continuously washed under pressure with saline solution. On average, half of the angiographic procedures required only one 4 Fr catheter whereas the other half needed two or more catheters. The hydrophilic guide wire is used on average once in every two examinations and is left in place within the catheter for less than 60 seconds.
Water soluble non-ionic iodate contrast agent is used (iopamidol 300) at a dosage related to the vascular axis under examination (common carotid artery 12 ml at 6 ml/s, internal carotid artery 8 ml at 4 ml/s, external carotid artery 5 ml at 2 ml/s, vertebral artery 6 ml at 3 ml/s) with a PSI of 300. These are standard values but the neuroradiologist performing the examination is entitled to adjust the study protocol adapting it the individual needs of each patient (table 1) .
Only saline solution and not heparinized saline solution is used either in infusion or to wash materials.
Angiography is performed by experienced neuroradiologists. Staff in training are flanked by an expert neuroradiologist responsible for checking all actions and ready to intervene promptly if necessary. This organization largely abolishes the "learning curve" factor. We adopted the following criteria to define the expertise required to undertake diagnostic angiography:
"those entitled to work independently in this sector must provided written evidence of have carried out and reported on at least 100 procedures in the past two years of which 50 as the first neuroradiologist. Maintenance of clinical skill after five years of continuous interventional neuroradiology activity entails the execution of at least 50 procedures a year as first or second neuroradiologist".
These criteria were officially implemented in our Region by regional law n°594/00, subsequently referred to in regional law n°327/04 defining the "General and specific requirements for accreditation in hospitals in the Emilia Romagna region".
At the end of the angiographic procedure patients are kept on the ward for at least an hour. Before being taken back to their refer- ring wards, patients' neurological status and puncture site are checked. Post-procedural recommendations are specified in the angiography report (bed rest for at least 24 h , examination of the puncture site and ipsilateral dorsalis pedis artery pulse) together with information on 24 hour cover by a neuroradiologist in case of complications.
To assess the incidence of complications, data were collected from the electronic files storing radiological information in our neuroradiology unit. The radiology file contains two compulsory fields to be used for statistical purposes and two free fields for notes.
The information to be recorded for angiography includes: patient's personal details, degree of referral urgency, referring institution, doctors, technicians and nurses carrying out the procedure, vascular districts examined, material and drugs used, vital parameters on admission and any major changes arising during the procedure, time of the start and end of the procedure, reason for referral, examination report, ACR classification of angiography findings and onset of any complications. Moreover the medical personal files of the patients, form the different wards, have been reviewed.
We also did a MEDLINE search inserting the key words: cerebral angiography, adverse effects, and complication rates to compare our findings with those of leading studies published in the last twenty years 8, 9, 12, 16, 25, 26, 27 and guidelines for angiography 1, 4 .
Results
We reviewed all complications arising during diagnostic angiography procedures at our institution from 1/12/1998 to 1/12/003. Our radiological filing system contains four broad groupings: 1. Neurological complications 2. Minor systemic complications caused by contrast administration 
Major systemic complications caused by contrast administration 4. Local complications.
Each group contains a further breakdown of complications as listed in table 2.
Group 1
Neurological complications are defined as the onset of a new neurological sign or worsening of a pre-existing sign during the angiographic procedure or in the following 24h. If the neurological deficit resolves the complication is deemed transient, if it persists it is termed permanent.
Three complications occurred during the five year period examined.
• In two patients the neurological deficit arose at the end of the procedure and resolved within 24 h . One patient had upper limb paralysis which resolved spontaneously within six hours and the other had a hemiparesis which subsided around 12 hours later.
• One patient had permanent neurological deficit. This 64-year-old woman was admitted to our institution for subarachnoid haemorrhage and an initial angiogram was done within 24 h after onset of symptoms to search for an aneurysm. Injection of contrast medium into the left subclavian artery at the origin of the vertebral artery disclosed severe narrowing of the entire cervical segment of the vertebral artery alternating with small filiform segments probably (segment P1-P2) ( figure 6 ). Injection of the posterior cerebral artery was seen from the carotid siphon whereas on the left there was a markedly delayed circulation of the temporooccipital territory of the posterior cerebral artery with late retrograde pial compensation. Sedation was then diminished for the purposes of neurological assessment which yielded a GCS of 9-10. The patient developed left mesial temporo-occipital ischaemia and a smaller ipsilateral cerebellar ischaemic lesion (figure 7) with persistence of a campimetric deficit and ideomotor slowing on discharge. Retrospective analysis of our cohort disclosed a complication rate of 0.1% for transient neurological complications and 0.05% for permanent deficits.
Groups 2 and 3
There were no major or minor adverse reactions to contrast medium.
Group 4
Follow-up of local complications was more difficult as onset of a small inguinal haematoma is not reported to us by the patient's referring ward as no local or systemic treatment is required.
No complication was reported by any of the 160 patients undergoing angiography in Day Hospital.
Discussion
Literature reports of neurological complications arising during diagnostic angiography vary from 0.4% to 12.2% for transient reversible neurological complications and from 0% to 5.4% for permanent deficits 3, 5, 6, 10, 11, 12, 13, 14, 17, 20, 21 .
A metanalysis by Cloft et Al in 1999 addressed three prospective studies reporting values between 0.9% and 2.3% for transient neurological complications and from 0.1% to 0.5% for permanent deficits.
The complication rates found in our study are lower than the average incidence reported in the literature but the reasons for this discrepancy are unknown. Possible factors influencing our low complication rate include: 1) Analysis of a more recent period than those of other studies.
2) A relatively young cohort average age 53,2 years with few cases of stenotic atheromatous carotid disease.
3) Angiography was performed by highly experienced staff with a strong commitment to training younger physicians. This point must be stressed: during this period four young neuroradiologists were trained, two of them now regularly performing interventional procedures. The "learning curve" of these persons was eliminated by the ongoing supervision by the older experienced neuroradiologist continuously following every procedure and intervening whenever needed. 4) Examination times are kept as short as possible in view of the link between duration of angiography and the risk of complications. 5) Special attention was paid to haemostasis at the end of the procedure. The femoral artery is always compressed manually for a count of ten minutes with absent dorsalis pedis artery pulse, more lightly with a dorsalis pedis artery pulse present for about 20 minutes. Patients are then instructed to check and compress the puncture point themselves. It is significant that no complications were encountered in any of the 160 patients examined in the Day Hospital. Lastly, patients are kept in the neuroradiology unit for at least an hour after the procedure before being returned to their referring wards.
6) The angiography procedure follows a standard technical protocol (use of guiding catheters, careful washing of catheters to avoid empty spaces forming, etc.).
7) The contrast agent offers maximum tolerability and is administered at the minimal dose required for acquisition of a valid diagnostic image.
